Introduction to the Distinction
All forms of human centered communication are metaphors for experience.
Humans use metaphors in an attempt to communicate internal concepts and connections of experience to others. Prelingual humans communicated past experience through the presence of physical markers which represented the experience of others. Before humans could speak, others' experience was represented metaphorically through paths worn by travel. A well-traveled path represented a desirable experience; water, food, shelter. Later in human history experience was metaphorized in pictograph form. Conveying experience imperative to existence like hunting grounds and practices. As human culture progressed so did systems of metaphors used to analogize experience and convey internal content others.
1 (Fowler & Fowler, p. 448) 3 | P a y n e "Through analogies, the 'invisible becomes visible,' said Paracelsus 2 . For the resemblances are neither useless nor unwarranted."
3 To understand the world we are a part of, humans attempt to systematize metaphors used to convey conceptualizations of experience for a more coherent world view. The most structured system of metaphors is science. A problem with contemporary science is it seems to forget that theories used to explain phenomena of life and experience are inherently metaphoric. Theories are not actual representations of phenomena present to experience, they are an attempt to communicate abstracted experience and expected regularity. "We have become so used to the atomistic machine view; the world that originated with Descartes that we have forgotten that it is a metaphor. We no longer think as Descartes did that the world is like a clock. We think it is a clock."
4
To better understand the experienced world, it is imperative to examine the cycles of thought that were contingent on preferred metaphoric description of the time they emerged. "In the study of living beings, history displays a pendulum movement, swinging to and fro between the continuous and the discontinuous, between structure and function, between the identity of phenomena and the diversity of beings." 5 Webster and Goodwin assert; "A requirement for any experimental or theoretical work in a science is an adequate conceptualization of the object or the domain in which a phenomenon occurs."
6 Terminology used to aid in conceptualization of scientific concepts has an effect in dictating understanding of a concept as well as epistemic tools and goals. "Modes of description and theoretical An ineffable experience, thus concept, is life. Life cannot be simply defined though descriptions and criteria to accurately represent phenomenon. It is of no surprise attempts to do so require some amount of abstraction. Depending on choice of abstraction; it leads to an overemphasis of one aspect of the phenomenon, while ignoring another. In the science of life two chosen emphases are mechanism and vitalism, nature and nurture, the list of dichotomies describing life and its process could continue. Theories concerning organismal development as presented in the vitalist view of Weismann and the mechanistic perspective of Wolpert, as discussed later, are theories that would appear to be contradictory but are both accepted biological generalizations, laws, within contemporary biology. With an analysis of underlying historical discontinuities in biology an understanding can be explicated of how the nature versus nurture dichotomy continues to be present in modern biology.
Susan Oyama has lead the call from developmental system theorists (DST) to eliminate dichotomous views in biology. DST is; "a general theoretical perspective on development, heredity and evolution. It is intended to facilitate the study of interactions between the many factors that influence development without reviving 'dichotomous' debates over nature or nurture, gene or environment, biology or culture."
9
Overall the scientific community is in agreement that life and development of organisms is interactional. Genetic interacts with environmental influences for organismal organization; but beating the dead horse of the nature versus nurture dichotomy continues, due to contemporary conceptual frame of 'biological information' and conceptual history of Western thought. Oyama states she;
"Would like nothing better than to stop beating him, 10 but every time I think I am free of him he kicks me and does rude things to the intellectual and political environment. He seems to be a phantom horse with a thousand incarnations, and he gets more and more subtle each time around…What we need here, to switch metaphors in midstream, is the stake-in-the-heart move, and the heart is the notion that some influences are more equal than others, that essence*, or its modern agent, information, exists before the interactions in which it appears and must be transmitted to the organism either through genes or by the environment. This supports and requires just the conceptions of dual developmental processes that make up the nature-nurture complex.
Compromises don't help because they don't alter this basic assumption"
11
Science cannot stop beating the dead horse of the nature versus nurture dichotomy, because it is not dead it has been unknowingly resuscitated through attempts to extinguish it. Through a continued cycle of emphasis on mechanistic or vitalistic attributes of life, the nature versus nature dichotomy has thrived in different permutations depending on choice of popular science and intellectual traditions of the time. The trajectory of contemporary science is not that of narrowing epistemic practices to produce objective facts. The trajectory of science is a choice made through influence of what is relevant to society and the science is 10 Stop beating the "dead horse" *Original text states form in place of essence. 11 (Oyama, emerging in. This has led to a hazy conceptualization of complex processes involved in ontogeny, reasserting a dichotomous view that the vitalistic aspects of life are somehow set apart from physical mechanistic actualization.
A science in desperate need of a conceptual, thus metaphoric, realignment is biology. Biology is the study of life. To illustrate need for a realignment of biology, two accepted descriptions of criteria of life will be examined. Then a historical perspective concerning intellectual climates that have continued the conceptual disconnect of organismal life will be analyzed. The two most recent illustrations of conceptual bifurcation of life; biological specificity and biological information will illustrate implications of this division. Lastly a structuralist account of biological life will be explicated in a hope that it will align with goals of developmental biology as outlined by proponents of the movement diverging from classical views of biological science, developmental systems theory.
Defining Life
The opening line of a college level introductory biology textbook states; "An organism is a life-form-a living entity made up of one or more cells. (Freeman, p. 375) 23 Gene-A section of DNA (or RNA, in some viruses) that encodes information for building one or more related polypeptides or functional RNA molecules along with the regulatory sequences required for its transcription. (Freeman, p. G:12) placing primacy on anatomical forms that give actualization of function and
development.
An explication of these two contemporary biological texts, illustrates the contemporary conceptual bifurcation of the object of study life and development. 
The Development of Life's History
The problem that can be loosely described as that of nature versus nurture has persisted for millennia in Western thought. The seeming necessity to give a privileged role to either external or internal leads to the requirement of a central directing agency of development informing an organism either within organismic DNA or from the external environment directing organization from outside in. The requirement of a fruitful science is an adequate conceptualization of phenomenon attempting to be explained. To understand conceptual missteps within biology it is necessary to examine historical ideas that informed contemporary conceptualization of the object of biology, life.
The distinction between vitalism and mechanism, epigenesis and preformation, holism and atomism, nature and nurture can be traced as far back in Western thought through history and continuing into contemporary times. "In the Middle Ages
Aristotelian-Scholastic philosophy provided the unifying framework, which was marvelously suited to the description of living beings in terms of teleology and wholeness." 27 Vital essence which is described in Aristotelian philosophy places an emphasis on function of life and its entities as a defining characteristic. Inchoate matter was informed by a vital force. Physical forms of organisms were of only secondary study to the function that they exhibited. The atomistic parts of organisms are present but the function that they display is object of study.
The view of development and organismal genesis in the Aristotelian view is This conceptualization of life also subjugates cause and effect to constant conjunction of observed phenomenon. Hume's empiricist philosophy emphasized that only observable phenomenon could be object of scientific investigation. Cause never can be objectively discerned, all that is experienced is a "constant conjunction of events" that present an appearance of cause and effect. There is no cause for organismal life beyond contingent processes in which it presents itself. "The external functional relations of organisms considered in terms of the utility of the 'part' to the organism in relation to a particular mode of life in a particular environment. Internal functional relations, while by no means ignored, where relegated to a secondary status." 33 For Natural Theology the directing agency of life was externally guided through relation of physical parts, not a teleological function.
Conceptual misalignment in biology of form versus function, mechanism versus vitalism can also be seen in two widely accepted, groundbreaking, influential theories in biology; Darwinian evolution and Mendelian genetics. Darwin's theory of evolution is not based on observation of an individual or interaction of forms that produce a function. It is based on the function of evolution directing actualization of forms, which will provide apparatus for continued function. Darwin's theory of evolution caries on the vitalist tradition, placing function of phenomenon as object of study over the form. Friedrich Weismann represents continuation of the vitalist epigenesis tradition.
Weismann believed; "The problem of inheritance is not primarily to be thought of in terms of how the structure of the parent is to be transmitted to the offspring, rather it is to be considered in terms of control of growth and development." 37 The highlighted aspect of this formulation of life and development is on function, control and growth; it subjugates importance of structure to function. Weismann believed in a structure within the germ cell that, "Has the power of developing into a complex organism." 38 He acknowledges structure but places it with a power beyond its structure.
Developmental biologist Lewis Wolpert also made investigations into germ cells as imperative for presentation of new life. Unlike Weismann's emphasis on controlling functions of cellular processes responsible for life, Wolpert emphasized spatial relations and order as presenting life. Wolpert proposed; "A co-ordinate system which assigned a unique positional label to every point within it. The boundaries of the domain were defined by external values (maxima or minima) of the co-ordinate system, generated by a mechanism which was not specified but assumed." 39 Director of this system was assumed as external to physical structure, through environmental influence, not a function inherent to a structure. 39 (Webster & Goodwin, p. 36) 40 Emphasis present in original text (Webster & Goodwin, p. 36) 41 Emphasis present in original text (Webster & Goodwin, p. 36) The way in which phenomenon is described places a primacy on either vitalistic or mechanistic attributes of life. to the system that stimulates perception and experience could be information.
42 (Jacob, p. 15) 43 (Kay, p. 77) 44 Pheromone-a chemical substance produced by an organism in order to attract others of the same species, especially for reproductive purposes (Freeman, p. G:22) In (Kay, p. 95) 47 (Kay, p. 14) 48 (Kay, p. 85) the other hand argued that information within a system could be calculated as entropy. If one could discern disorder of a system then organization would be the inverse. Weiner argued; "Just as the amount of information in a system is a measure of its degree of organization, so the entropy of a system is a measure of its degree of disorganization; and one is simply the negative of the other." 49 There seemed to be no difficulty with this for either mathematician or use within biology, it was seen as somewhat a mathematical pun. (Kay, p. 77) metaphor, is that information places an emphasis on internal vitalistic function of the system, as opposed to mechanical form of the system that actualizes function. What can be extrapolated from use of information within scientific lexicon is that information is the function of organisms and their interactions. It does not place any emphasis on content or physical form that carries information, only order of a system. Biological discourse framed on information shows the continued pendulum of scientific investigation swinging towards vitalistic description of life and its processes.
Power of the biological system became metaphorized as a nonconcrete entity providing order, an unseen directing power on the physical form.
The Space of Specificity
Previous to addition of biological information to the scientific lexicon biological phenomena was described using the metaphor of specificity. Biological specificity is related to corresponding or complementary spatial configurations between biological systems. 53 Specificity was conceptually grounded through the traditional lock and key model where a key/organism is constructed to fit a lock/environment. The lock and key model of specificity is a simplification, as any abstraction of phenomena. What is lacking in the traditional lock and key model is dynamic vitalistic interaction between systems or parts of systems that relate to produce complex biological phenomena inherent in specificity as defined by developmental biologist Paul Weiss.
Paul Weiss gave an in depth description of phenomena that can be tied conceptually to the term specificity, and attempted to tie terminology and phenomena in biology to known phenomena in the realm of physical and chemical science. "We must treat cells as physical systems in space and time, endowed with definable properties which are subject to the limitations of all physical bodies and their laws of behavior." 54 Weiss' object of study was the cellular level, but his description of specificity based on "molecular ecology" 55 can be extended to larger systems. This elegant ten point description of interactions within biological systems can be conceptually correlated to the dynamic interaction that is biological specificity in the development of organisms and their environment.
"The concept formulated in these ten points takes into account the growing realization that the structural and working order of the cell is based not on the presence of a fixed mechanical framework pervading it abundantly disproved by the facts but on a regular distribution in space of the various intracellular processes: a dynamic rather than static 53 (Weiss, p. 256) 54 (Weiss, p. 239) 55 Molecular ecology is an attempt to interpret cellular affinities in terms of molecular structure and organization. (Weiss, p. 252) skeleton, maintained by metabolic energy and determined in its characteristics by some definite geometrical order in the field of its operation." 2. One of the fundamental characteristics of a system is that various species of the system are not self-sufficient, but are dependent in various degrees on other members of the population, as well as physical conditions within space they occupy.
Survival and function of the system is predicated on presence of all necessary species.
A system cannot consist of only a single species. It is necessary for survival of the system for species to interact within physical space. From the presence of physical species dependent upon each other a function emerges from interaction of parts. A mechanism must have a variety of cogs and wheels for a function to arise.
3. Interactions between species only occur within a limited range of conditions specific for its kind. These conditions are "existential and operational prerequisites" 58 56 (Weiss, p. 255) 57 Ten points summarized by author, substituting the term system for cell, complete description in endnotes (Weiss, 58 (Weiss, p. 253) Species within a system interact to form larger systems. Systems on a cellular level form tissues, which form organs, then organisms, populations, and eventually ecosystems, each durable or "viable" only in a particular typical functional relational set of conditions. Levels of mechanistic complexity emerge through atomistic interaction.
6. Organization in space and content of the system and its constituents set the frame for later settlement of different members of species, giving existential and operational prerequisites of new members of the system. Organization is based on all surfaces and interfaces of constituents of a system. External aspects of species of a system and their interaction define function of the system, and exclusion or inclusion of new species to the mechanism of the system.
7.
A given boundary/surface 62 of a system will favor integration of particular species that will concentrate that area and crowd out other species not equally fit to that 60 Coacervation-a tiny spherical droplet of assorted organic molecules which is held together by hydrophobic forces from a surrounding liquid. (Freeman, p. G:6) 61 (Weiss, p. 253) 62 Not necessarily boundary or surface of the entire system but the boundary or surface of the constituents of the system or of the entire system.
system. Surfaces of the mechanistic species favor integration of species that fit within physical chemical and spatial organization already present.
8. Surface species of a system have a unique role in determining events within its interior; "They assume the functional properties of membranes"
63
. Species control and select transfer of substances between systems they divide. Through aggregation of mechanistic components function rises out of the system.
9. Boundary/surface species will become fixed into an interface, and force a definite orientation relative to that interface below its surface. This will form an orderly array to which layers within the interior can become fixed. A stacking up process is initiated through which organization can be gradually extended into the interior, creating an increasing diversity of conditions as it proceeds. Function of the system emerges through organization from the external stable appearance, to internal interplay of mechanisms.
10. If conditions change along the boundary/surface so that they are no longer compatible with existential and operational prerequisites of the boundary/ surface species, a new assortment of species better fitted to the situation will take position as the interface that will set new organization for the interior, leading to an alternate fate of the system. When enough pressure is applied to a system, a watch for example, the systems environmental conditions change no longer fulfilling existential and operational conditions. In this system parts of the watch once disengaged would regroup with other mechanisms to form other systems; possibly aggregate with other mechanisms to form more watches, or to become mechanisms within a radio.
While the ten points formulated attempt to provide a non-anthropomorphic based description of phenomena, describing interaction in a mechanistic and atomistic way, leads to the system being directed from outside. The boundary determines membership into the system. Placing emphasis entirely on mechanical aspects of life; leads to the need to assert a central directing agency dependent on the form of life, not function. The pendulum of science again shifted to an atomistic mechanistic view of life with introduction of specificity to the scientific lexicon.
"Thus with the start of the nineteenth century, a new science was to appear. Its aim was no longer to classify organisms, but to study the processes of life; its object of investigation was no longer the visible structure, but organization." (Kay, p. 41) 65 (Kay, p. 41) 66 (Kay, p. 42) 67 Jacques Loeb, "The Organism as a Whole," p 61, 1916 as cited in (Kay, p. 44) specificities; taxonomies of species were established based on experimentally measured serological 68 differences." While language of specificity had mechanistic conceptual backing, it did not provide an explanation for biological processes, just abstracted conceptualization of the processes. "In many instances the term specificity possessed more of a metaphorical quality and heuristic value than operational force. Unless detailed through some kind of concrete structure, measure, mechanism, and experimental procedure, specificity was not really an explanation (explanan) but that which needed was an agreed upon physical description of the lock and key which provided it with conceptual backing.
Metaphoric language is necessary for formation of conceptual problems.
Language to describe a problem cannot be seen also as its answer. "The main objection to symbolic expressions of this kind comes from the fact that instead of formulating the problems, they merely label them. We may not be able to dispense with such descriptive terms for some time to come, but we must guard against giving them any explanatory value." 73 Mysteries of life and experience are not locks and keys but appearance of biological components complimentary interaction can be conceptualized in a way that resembles a lock and key. Describing interactions of life through a mechanistic view of specificity, leads to the assumption that function of a system naturally arise from the atomic parts. This leaves an emphasis on a directing force external to the parts. A description is given of the system, but there is still a nonmaterial entity directing assemblage of the system from outside, as opposed to nonmaterial information internal to the system.
Developmental Systems Theory; A Structured View of Life
In 1986, Arbib and Hesse asserted, "Scientific revolutions are, in fact, metaphoric revolutions, and theoretical explanations should be seen as metaphoric redescription of the domain and phenomena." 74 An attempt to understand complex biological systems has continually lead to conceptual bifurcation, asserting two separate streams directing the organism, discussed earlier as vitalism or mechanism, function or form, information or specificity. A description is needed to capture both mechanistic and vitalistic nature of biological phenomenon. Susan Oyama has lead the call from developmental system theorists (DST) to eliminate dichotomous views in biology. DST is; "a general theoretical perspective on development, heredity and evolution. It is intended to facilitate the study of interactions between the many factors that influence development without reviving 'dichotomous' debates over nature or nurture, gene or environment, biology or culture."
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Advocates of DST believe the organism and the environment it is a part of have equal influence on development. The object of investigation should be the "developmental system," the organism rooted within developmental context of the environment. 76 Concepts and terminology used to describe theories concerning life and heritability have evolved through history, and are described through either mechanistic or vitalistic metaphors that are culturally relevant for the time.
Proponents of DST would like to eliminate conceptual dichotomies in science and society as a whole. The first step to eliminate dichotomous ideas, is a recognition of the continued presence and varying incarnations of dichotomies. Webster and
Goodwin discuss a structuralist approach to description and theorizing concerning organisms, which possibly could be in line with stated goals of DST to eliminate this conceptual discrepancy.
"Structuralism is concerned with order, its generation and transformation it rejects both atomism and holism." 77 This does not entail that structuralist approach to organismal life rejects epistemic contributions of science. It does entail a differing conceptualization of organismal domain and life. Forms and functions of life deserve equal weight in theoretical description, as they are inseparable aspects of the same whole. Science cannot continue beating the dead horse of nature and nurture, genes and environment, mechanism and vitalism. All of these concepts are two sides of the same coin, life, they cannot be separated. When an attempt to separate or place primacy of action on one of these aspects, it leads to a conceptual disconnect, which results in an impediment to epistemic practices.
There are three aspects to the structuralist formulation of organismal life. First wholeness; "Structures are wholes, firstly, in the sense that they have the property of maintain themselves in being while their elements change, hence they are not reducible to the sum of their elements." 78 This conceptualization of organisms as structures, thus wholes, gives weight to the physical forms present. Allowing for the incorporation of new members while old members of the structure degrade, but still the wholeness of the structure is maintained. The function is that of being a whole and this function is realized through the dynamic interchange of parts internal and external to the structure.
The second aspect of organismal life from a structuralist perspective is related to transformations. "Because structures obey laws there is a restriction on the 'coherent' forms which are possible; that is the potential set of transformations is a logically closed set, though not necessarily finite…individual organisms can undergo specific transformations as a consequence of internal or external perturbation."
79
There is an emphasis on restrictions of coherent form, which allows for organisms to transform in a law governed way dependent on the set of possibilities provided by the physiochemical constitution of both the organism and the environment at a given time. This aspect formulates a conception of life attempting to not emphasize external or internal directing, dictating primacy over a given life form. This aspect of the organism and life as structure allows for both the mechanistic and vitalistic experience of life to be accounted for.
The third aspect of organisms as structures is self-regulation. This refers to;
"The power of a structure to maintain a given member of the set of transformations in the face of perturbation." 80 By making reference to power it implies a function, but there is also a mention to the member, or form, in which the function is actualized.
This allows for a change in physical composition and orientation of parts of an organism while maintaining its individual status. "Small continuous changes in parameters can result in either small, continuous changes of form, or in large, discontinuous alterations…" 81 A caterpillar undergoes metamorphosis to a butterfly;
there is a set of structured transformations of the physical entity in which the function of its parts alter, but still the same organism persists. In a given environmental space there is a set of physical members of an extant system. All have specific chemical compositions and physical affinities. Within any given system due to both internal and external composition, governing laws limit actualization possible due to physiochemical relations in a particular time and place, dependent on the previous state of the system. There is not a preexisting essence that is in need of actualization, just physiochemical processes dependent on chance circumstances of the environment. Organismal development is a conditional process based on organization in physical three dimensional space progressing through time dictated by regularities of affinity based on physiochemical laws. Its members are that of already existing dynamic matter entering and exiting the system, changing and transforming due to formation and degradation from external and internal influences.
A twist on the myth of the Ship of Theseus 84 allows for illustration of how mechanistic and vitalistic perspectives can be married to produce a better understanding of development and evolution of life. This holds a place for specificity and information as equally important in the descriptive process. In 'The logic of metabolism and its fuzzy consequences' Danchin and Sekowska use the myth of the Ship of Theseus to illustrate "the border between permanence and change" that is key to metabolic processes as well as life. An explication of the physical process of 84 "The ship wherein Theseus and the youth of Athens returned had thirty oars, and was preserved by the Athenians down even to the time of Demetrius Phalereus, for they took away the old planks as they decayed, putting in new and stronger timber in their place, insomuch that this ship became a standing example among the philosophers, for the logical question of things that grow; one side holding that the ship remained the same, and the other contending that it was not the same." Myth originally from Plutarch, 75 ACE; translated by John Dryden, 1994; as cited in (Danchin & Sekowska, p. 19) altering a ship may help garner an understanding of how information and specificity can be integrated for a more comprehensive conceptualization of complex dynamic processes in which life presents itself.
This is an explanation concerning persistence and transitions of life, not formation of life in the universe. It will be accepted life is the product of a complex evolutionary past that cannot be definitively known, which occurred through purely physical processes. A twist on the myth of the ship of Theseus will illustrate how perturbation to a system over time may change the physical form while maintaining coherence and continuity of a system; how specificity and information can integrate to dictate stability of a system while its physical constitution changes. The order within the ship is akin to information, defined by Wiener as negative entropy. The components forming the order can be correlated to specificity as outlined by Weiss.
With the interaction of the vitalistic and the mechanistic a more coherent conception of life can occur.
The ship in this illustration is dry docked but cared for in a similar manner as Theseus' ship, and can be paralleled to a caterpillar. Reconstruction of the ship is its processes of life. As planks of the ship decay and are removed, pitch from within these planks are collected to be used as resin, to caulk addition of new planks. This can be correlated with metabolic processes where macromolecules are cleaved, and the resultant products are appropriated into other parts of the system. A new plank is added for each removed. This is akin to the appropriation of nutrition by the caterpillar, to sustain the processes of life the physical components must be added.
The waste of the ship is used for fertilizer, the nutrients of which help an orchard to grow that will be used as timber. By way of preparation, it seems appropriate to transcribe the symbolic concepts of "cell" and "protoplasm" into terms of molecular phenomena. This transcription has a purely pragmatic purpose, namely, to create a more workable model of the cell. Its utility will soon become evident. It has led me to introduce a concept of the cell which can best be characterized as "Molecular Ecology." That is, a cell is to be viewed as an organized mixed population of molecules and molecular groups of the following properties and behavior.
(1) Each population is made up of molecular species of very different composition, sizes, densities, rank, and stability, from trivial inorganic compounds to the huge and highly organized protein systems. Some segments of these populations occur in relatively constant "symbiotic" groupings, often of a limited size range; these form the various particulates of the cell content.
(2) It is one of the fundamental characteristics of cellular organization that the various species constituting the population are not self-sufficient, but depend in various degrees upon other members of the population as well as upon the physical conditions prevailing in the space they occupy. Survival and orderly function of the total population are predicated on the presence of all essential members in definite concentrations, combinations, and distributions. (3) In view of this intricate interdependence, given molecular species can exist and given interactions between species can occur only within a certain limited range of conditions specific for each kind. We might call these conditions the "existential and operational pre-requisites" for each molecular species or group. The probability of members of a given species to persist, hence to be found, in any but the appropriate setting, would be extremely low. (4) If the specific existential and operational prerequisites for the various molecular species and groups differ at different sites of the cell, different species will automatically become segregated into their appropriate ecological environments. As a result, even a wholly indiscriminate mixture can become sorted out into a definite space pattern. Certain species will assemble in relatively stable combinations, like biotic groups, while others, mutually incompatible, will separate.* (5) While the conditions and forces which determine the molecular regrouping are of the most diverse sortselectric charges, surface tensions, coacervation, solubility, chemical affinities, adsorption, enzyme-substrate relations, mobility, elasticity, etc.-their resultant in each case is of such character as to insure relative stability of composition, density, and localization of the given group of species. As they combine, larger units of supramolecular, submicroscopic, and finally, of microscopic order arise, each durable or "viable" only in a particular typical constellation of conditions. (6) Organization in space of the content of the cell, and of any of its constituent particulate elements as well, therefore, presupposes a primordial system of spatially organized "conditions" to set the frame for the later differential settlement of different members of the dispersed molecular populations. Such conditions can presumably only exist in systems with stability like solids. Systems answering this demand are presented by all surfaces and interfaces in the cell, which include the interfaces between one cell and another, between cell and medium, nucleus and cytoplasm, nudeolus and nuclear sap, chromosomes and nuclear matrix, chromatic and achromatic substance, as well as between all other formed cell components and the interstitial fluid. (7) A given surface area of given constitution will therefore favor the adsorption of a given assortment of molecular species, which will thus concentrate in that area and thereby crowd out other species not equally fit to occupy that particular zone. In this manner, the various surfaces will gradually become settled by mosaics of "frontier populations" recruited from the subjacent territories. ** (8) Owing to their frontier position, these surface populations acquire a unique role in determining the subsequent course of events in the interior. Without necessarily being morphologically distinct, they assume the functional properties of membranes. That is, they control the selective transfer of substances and energy between the molecular realms they divide. (9) Polar molecules (e. g., the biologically prominent lipoproteins), in becoming fixed to an interface, are forced into a definite orientation relative to that interface, and hence, relative to one another. This orderly array makes it possible for the resulting polarized layer to serve now, in its turn, as a new surface along which further molecular layers from the interior can become fixed, with the selection depending on the physical and chemical properties of the free ends of the righted molecules of the first layer. Thus, a stacking up process is initiated through which organization can be gradually extended into the interior, creating an increasing diversity of conditions as it proceeds. (10) If the conditions along an interface change in such a manner that the new conditions are no longer compatible with the continued existence of the old frontier population, the latter will be crowded out by a new assortment of species better fitted to the new situation. As this new frontier population settles in the controlling master position, it sets a new master pattern for the events in the interior, causing the further fate of the cell to take a radically different turn. Different contact surfaces can thus entail qualitative changes in the cell by bringing different segments of the molecular population into the controlling surface positions. The concept formulated in these ten points takes into account the growing realization that the structural and working order of the cell is based not on the presence of a fixed mechanical framework pervading it-abundantly disproved by the facts-but on a regular distribution in space of the various intracellular processes: a dynamic rather -than static skeleton, maintained by metabolic energy and determined in its characteristics by some definite geometrical order in the field of its operation. This order we conclude to be an order of "conditions," going back in last analysis to the typical organization of surfaces-"organization" in this sense referring to the particular non-random distribution of physical and chemical properties (see later). Pending evidence to the contrary, it is also possible to view the organization of genes as residing in their surface properties. In other words, the organization pattern of many, and perhaps all, living systems can be derived from a two-dimensional ground plan to which the third dimension is secondarily added by the selective stacking-up of various polar compounds in consecutive layers.
*We are omitting here from consideration the fact that many large organic molecules, such as the native proteins, seem to undergo constant metabolic renovation, exchanging constituents with their environment, but preserving their identity.' In terms of our analogy, this is the counterpart of the turnover of cells within the individual members of an animal population. ** Again for the sake of simplicity, we are ignoring here the fact that specific local conditions favor not only the adsorption of certain existing molecular species, but synthesis of new species as well. This point will be more fully discussed in a later section.
